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Introduction
Lanthanide (Ln) ions have important technological uses in optical, 1 optoelectronic, 2 supramolecular, 3 biological labeling 4 and sensing 5 applications due to their intense, narrow emission bands that show little dependence on the coordinated ligands. Typically, however, they exhibit low absorption coefficients and require sensitization with highly-absorbing antenna ligands to effectively utilize their luminescence properties.
The intramolecular transfer of optical excitation energy from organic ligands results in emission bands due to electronic transitions between the 4f energy levels of the lanthanide. Such Ln complexes display large Stokes shifts (>150 nm) and long luminescence lifetimes in the millisecond range. 6 Eu(III) has attracted particular attention, because of its intense red emission dominated by a narrow band at around 614 nm. 3 Luminescent dyes are important in areas such as energy conversion, with functions such as frequency downshifting, 7 light-harvesting and light-concentration in luminescent solar concentrators. 8 For such applications, efficient photoluminescence in a solid matrix, combined with the typically large Stokes shift displayed by lanthanide complexes, are essential characteristics. 9 The total photoluminescence quantum yield upon photoexcitation of the ligand ( tot ) is the product of the efficiency of ligand sensitization (η sens ) and the intrinsic luminescence efficiency of the Ln ion ( Ln ). Despite the technological importance of maximizing  tot , the majority of studies in polymer hosts to date report only  Ln derived from luminescence lifetime measurements 10, 11 or by direct excitation of the lanthanide.
12
In this work, we report the synthesis and photophysical properties of three new Eu(III) complexes displaying Each complex has been fully characterised by NMR, CHN analysis and mass spectrometry.
Luminescence spectra (supporting information), lifetimes,  Ln , (see supporting information for typical decay data) and total quantum yields,  tot , were measured for each complex both in dichloromethane (DCM)
solution and encapsulated in a PMMA matrix, using a Horiba-Jobin-Yvon Fluoromax-P spectrometer. Total quantum yields were determined by absolute measurement, using a Horiba-Jobin-Yvon integrating sphere. 14 The intrinsic quantum yields,  Ln , were calculated from the ratio of the lanthanide luminescence lifetime,  Ln , and its pure radiative lifetime,  R . The latter was determined from the corrected emission spectrum, according to the method described by Werts et al. 15 The values of the luminescence and radiative lifetimes and the intrinsic and total quantum yields are given in Table 1 Comparison of 1 and 3 shows that the presence of the DPEPO ligand almost doubles the sensitization efficiency, at the excitation wavelength (340 nm) at which  tot was measured. This indicates that the efficiency of energy transfer from DPEPO to Eu 3+ is greater than that from hfac and suggests that DPEPO is predominantly excited at 340 nm. It is also notable that the excitation spectrum of 3 is essentially identical to the absorption spectrum (supporting information), indicating that the sensitization efficiency is close to unity across the entire absorption envelope. Thus, in 3, the sensitization efficiency via excitation of hfac is substantially enhanced relative to 1. This can be accounted for by the occurrence of efficient energy transfer from the excited hfac ligand to DPEPO, followed by efficient energy transfer from DPEPO to Eu 3+ .
Importantly, this differs from the work of Xu et al where energy transfer to Eu was suggested to occur from the TTA ligand whose first triplet excited state lies lower than that of DPEPO. The high  tot we observe for 3 in PMMA is strikingly illustrated (Fig. 2) by UV irradiation of the surface of a PMMA sheet containing this complex. This leads to wave-guiding of emitted red light to the edge of the sheet where its intensity is highly concentrated. Figure 2 . PMMA sheet containing 3 without (left) and with (right) UV irradiation from above. Wave-guiding of the emitted light to the sheet edge through total internal reflection is apparent.
In summary, we have demonstrated exceptionally high values of total photoluminescence quantum yield ( tot )
of Eu(III) complexes in solution and in the common optical polymer PMMA. The latter we believe to be the highest reported values, crucial for the realization of optical applications that exploit the unique photophysical characteristics of Eu(III), such as the visible red emission, large Stokes shift and spectral purity.
